Introduction
Inactivated influenza vaccines (IIV) are prepared annually with limited safety and efficacy trials able to be performed before a new influenza strain is included in the formulation [1] . Active post marketing surveillance of IIV has not routinely been conducted in Australia. Local side effects, such as swelling, redness and pain at the injection site, are common, occurring in more than 10% of recipients. Fever, tiredness and myalgia also occur commonly (1-10%). In children less than five years of age, these adverse events may be more pronounced [2] .
In Australia in 2010 the inactivated CSL IIV caused an excess of febrile reactions including febrile convulsions (up to 1 per 100) [3] . A joint working group of the Therapeutic Goods Administration (TGA) and the Australian Technical Advisory Group on Immunisation (ATAGI) investigated data on the safety of different brands of 2010 and 2011 IIVs in children and adults. In its December 2011 report the working group recommended that: "options for enhanced surveillance, designed to detect clinically important differences in the safety profile of influenza vaccines, be explored to reinforce public and provider confidence in program safety" [4] . A separate independent investigation recommended that Adverse Events Following Immunisation (AEFI) reporting by consumers themselves be incorporated into the notification system [5] . A subsequent review undertaken by former Australian Chief Medical Officer, Professor John Horvarth AO, recommended more timely AEFI reporting and electronic collection of vaccine usage and safety data [6] .
A novel active online surveillance system (Vaxtracker) was trialled for Adverse Events Following Immunisation during the 2012 and 2013 influenza seasons. Vaxtracker is based on the success of the 'Flutracking' influenza-like-illness surveillance platform, which has been used in Australia nationally since 2006 and successfully engages over 15,000 community members in regular weekly reporting during each influenza season [7] . In 2011, 21 children were enrolled using email surveys alone to refine the surveillance concept. In 2012, 200 children were enrolled from 16 general medical practices in Newcastle and the Children's Hospital Westmead, Sydney. This testing resulted in: a new platform that was more mobile phone browser compatible to enhance readability and interaction on a mobile phone and an automated email to Vaxtracker team members alerting them that a serious symptom had been reported (hospitalisation and seizure). We report on the evaluation of the systems performance in the 2013 influenza seasons.
Methods
In 2013, 15 large general medical practices in the Newcastle metropolitan and Tamworth rural population centres in northern NSW participated (Fig. 1) . The general practice clinics were visited by a Vaxtracker staff member to demonstrate the system and answer questions. Prior to influenza vaccination, participating clinics provided parents and carers with an information sheet (Fig. 2) on the Vaxtracker programme and they were asked if they would like to participate. Following parental consent, clinic staff enrolled participants by entering the child's name and their parent or carer's contact details (email, mobile phone number or both) and brand of IIV administered into a simple secure web-based form.
The Vaxtracker system automated contact with the parents or carers of immunised children by email and/or sms message to their smart phone after the child has received an influenza immunisation. Each participant was automatically contacted to complete two online surveys, the first to explore for initial reactions and a final survey to capture any late reactions. The first survey reminder was sent three days after the immunisation to facilitate timely signal detection and the final survey 42 day post-vaccination, which was considered adequate to detect rare late adverse events such as Guillain-Barré syndrome. Participants who did not respond to the first survey did not progress to be sent the final survey on day 42.
Children who receive IIV for the first time are recommended to have two doses of IIV at a one month interval [2] . These children received an automated reminder when the second IIV dose was due (one month later) and a link to the Vaxtracker survey was sent three days after the second dose due date. Participants received a link to a Vaxtracker online survey after both dose one and dose two of IIV.
The online survey sent on day 3 after the first and second IIV doses was structured to collect information on 11 symptoms, while the day 42 survey for late adverse events only enquired about visits to hospital. Delayed participant survey responses were accepted until the end of the influenza season.
The online survey took less than a minute for parents and carers to complete if there were no symptoms to report and a few minutes if symptoms were reported. To decrease data entry for the clinic staff date of birth and gender were entered on-line by survey respondents. The survey provided simple check-boxes and free text boxes as required.
The 2013 Vaxtracker online survey was simplified by adding a screening question so that the 11 symptom questions only appeared if the parent or carer clicked "yes" to the question: "Did (child's first name) experience and kind of reaction, illness or discomfort after the vaccination?" An answer of "yes" to any of the symptom questions in the first online survey activated a drop down box with additional questions regarding severity, whether medical advice was sought and duration of the event. The 11 symptoms explored in the 2012 and 2013 pilot studies were: reaction at injection site, fatigue, influenza-like illness, muscle aches, headaches, joint pain, fever, lymph node swelling, weakness, seizures and "other" symptoms.
Recruitment and adverse events were reviewed by surveillance staff to detect any signal of adverse events. Data on recruitment and adverse events were available through the dedicated secure website and was downloaded twice weekly to monitor adverse events, recruitment by each clinic and prepare weekly reports. An automated email alert to the Vaxtracker team was generated when a seizure or hospitalisation was reported so that review could occur rapidly. Survey completion rates were calculated as the number of participants who completed the survey divided by the total participants due to have completed the survey. Weekly reports were shared with health departments at State and National level and a final report with the Therapeutic Goods Administration (TGA).
All serious adverse events including high fever, seizures, unresolved systemic symptoms or hospitalisation were followed up by telephone by a registered nurse and reviewed with a public health physician and if required notified to NSW Health through usual AEFI notification channels. Adverse events were described according to demographic characteristics of the participants, previous vaccine history and the brand of IIV administered. Factors associated with adverse events were investigated by comparing participants who experienced an adverse event with those who did not experience an adverse event by the following factors; age (t test of mean age), gender and first year of IIV administration (comparison of
Surveillance of AEFIs is conducted in NSW under the NSW Public Health Act, therefore ethical review was not required for this enhancement to existing surveillance.
Results
Between 21 March and 30 June 2013, a total of 477 participants who received IIV were recruited to Vaxtracker. Of these 290 (61%) parents or carers completed the Vaxtracker online survey at day 3 following the first dose of IIV with 134 (47%) of those went on to complete the final survey at day 43 (Fig. 3) . Most respondents to the online survey were aged between 5 years and 9 years 11 months (55%), 32% were aged between 2 and 5 years and 12% aged less than 2 years. 53% of respondents were males (n = 154).
The mean number of days from sending the web survey link to completion of the survey dispatched on day 3 was 3.33 days (n = 290). The mean number of days from sending web survey link to completion of the final 42 day survey was 2.01 days (n = 120).
Survey completion rates were highest when both email and mobile phone contact details were provided (n = 35, 74%) compared to email (n = 135, 58%) or mobile phone (n = 120, 60%) alone. Among the 477 participants, Vaxigrip (Sanofi) (n = 334) was the most commonly administered IIV, followed by Fluarix (GlaxoSmithKline) (n = 78), Influvac (Abbott) (n = 59), Vaxigrip Junior (Sanofi) (n = 4) and Agrippal (Novartis) (n = 2).
Eighteen percent of respondents in the day three survey (52/290) reported any reaction following dose 1 across all IIV brands, three of whom reported receipt of another vaccine within one week of IIV administration. Over-all 8% of respondents (23/290) experienced a local reaction and 3% (8/290) reported fever.
When considering specific IIV brands, Vaxtracker found a higher rate of all reported reactions following Vaxigrip/Vaxigrip jnr (21.5% (95% CI: 16.0-27.0%); n = 46/214) compared to all the other inactivated vaccine brands administered to participants (7.9% (95% CI: 1.8-14.0%); n = 6/76, p = 0.0079) ( Table 1 ). However for fever there was no significant difference between Vaxigrip/Vaxigrip jnr (2.8% (95% CI: 0.6-5.0%); n = 6/214) and the other brands of IIV (2.6% (95% CI: 0.0-6.2%); n = 2/76, p = 0.9270).
Participants who had received an IIV in the previous year also appeared to have a higher rate of reactions than participants who did not (25.8% versus13.2% respectively). The odds of having a reaction for those who had IIV last year compared to those who did not is 1.95 (p = 0.036) when controlling for vaccine type, gender and age. 
Vaxtracker -monitoring children for adverse reactions to vaccines
Vaxtracker is an online sur vey that checks in w ith parents a fter their chi ldren are vaccinated to m onitor f or ad vers e react ions t o vacc inatio n.
What h app ens when you join?
• You will complete this form providing your email address or mobile phone number (i f you have a smart phone with internet access) and your child's name.
• The clinic will enter this information into a confidential online database plus the date of vaccination and the brand of influ enza vac cine your child received .
• 3 days aft er the v acc ination, you will r eceive an email or SMS link to an online survey with quest ions about any react ions.
• You will receive a final online survey 42 days after the first influenza vaccination.
• The survey takes about 30 seconds to complete if your child has not had a reaction but could t ake s everal minutes if t here was a react ion t o r eport.
• If your child has a reaction and you have agreed to a follow up phone call, a nurse may contact you to ask for further in formation.
How to join
Please complete t his f orm and re turn it t o the clinic administra tive st aff.
Yes, I would like Vaxtracker to email me and mo nitor my child for adverse reactions to influenza immunisation . Of the 134 respondents who completed the final survey, three (2.2%) reported a hospitalisation in the 42 day period following vaccination which triggered an email alert and clinical review on all three occasions. However, on clinical review each hospitalisation episode was determined to be unrelated to vaccination (two asthmatic children had experienced asthma attacks and one child had suffered a fracture following an accident).
Discussion
The Vaxtracker surveillance system found an intriguing difference in adverse event reaction rates between influenza vaccine brands in this cohort of children. Most focus is on fever following the febrile convulsion experience in Australia in 2010 and importantly Vaxtracker found no difference in rates of parent reported fever across the brands of IIV. Passive surveillance systems are able to identify safety signals, but are subject to known limitations, due to underreporting, delayed reporting and a lack of denominator data. Active surveillance in a defined cohort of vaccines can complement passive surveillance by overcoming problems of delayed and underreporting and enabling calculation of adverse event rates. Recent studies internationally have emphasised the importance of active surveillance to detect important signals early so that appropriate investigations can be launched and necessary actions taken [8, 9] .
Internationally the usefulness of Patient Reported Outcomes (PROs) utilising available internet tools has been increasingly recognised. There is evidence that in relation to adverse events PROs can identify real-world signals earlier and in higher volume, accurately characterise the signals, allow a focus on specific events or populations of interest, and permit ongoing efficient safety monitoring [10] .
The finding that there was a significantly higher rate of reactions in participants who received IIV in the previous year deserves further investigation as it has not been a consistent finding in previous studies [3] .
The initial practice visit by Vaxtracker staff of this pilot phase could be replaced by a brief diagrammatic user guide or online web demonstration to further improve efficiency and reduce the cost of the roll out phase. We estimate that once established the ongoing human resources to operate the system are not great as survey results provide sufficient information for assessment and very few respondents require subsequent telephone clarification of clinical details or support. After the Vaxtracker survey was completed by respondents, case review and data analysis for signal detection quickly take place. The automatic management of survey dispatch and return of completed surveys and email alerts has allowed for the efficient and prompt review of AEFIs and rapid data analysis and rate calculation.
It is essential to reassure the community of vaccine safety and to prompt early investigation should severe reactions occur or if there is an unexpected increase in the frequency of clinical events [11] . The Vaxtracker active surveillance system achieved encouraging completion rates. These were found to be higher where parents received both mobile phone and email reminders.
Feedback and a certificate of appreciation were provided to all General Practice clinics that enrolled participants. Respondents who reported serious AEFI were contacted by telephone to discuss their report, ensure that appropriate clinical management had occurred if required and enquire whether symptoms had resolved.
There was no formal feedback to respondents in this pilot but plans are underway to make Vaxtracker safety data available to the public on a website as the programme is expanded. Previous studies have found differences in adverse event rates between influenza vaccine brands in children [12] . Our findings support the need to confirm this differential rate in a larger cohort of children.
Vaxtracker has been adopted for active surveillance of IIV in the community by the AusVaxSafety consortium and expanded for use in two Australian states, New South Wales and Victoria. Sites selected include paediatric hospitals and general practice settings. To maintain the simplicity of Vaxtracker data for clinicians the collection of additional data to provide a richer analysis, such as medical conditions, will be collected from respondents when completing the online survey.
Conclusions
The need to ensure high quality active surveillance for safety signals when introducing new vaccines at population level has been increasingly recognised. Early experience with the Vaxtracker on-line surveillance system suggests that it provides effective postmarketing surveillance, which is ideally suited to the introduction of vaccines for children. It allowed rapid analysis of reported adverse events by public health authorities.
